A protocol was optimized for the isolation of Mycobacterium avium subsp. paratuberculosis (MAP) from milk and colostrum, with parameters including chemical decontamination, antibiotics, and different culture media. This study demonstrates that the efficiency of MAP recovery from milk is highly dependent upon the culturing protocol, and such protocols should be optimized to ensure that low concentrations of MAP in milk can be detected.
I
n the later stages of infection, Mycobacterium avium subsp. paratuberculosis (MAP) can disseminate throughout the body and has been isolated from milk, supramammary lymph nodes, and lymph fluid from the udder of cattle (1, 2) . Calves that are fed maternal colostrum are more likely to become infected with MAP than those that are fed colostrum replacer or pasteurized colostrum, indicating that raw colostrum and milk may be the initial source of exposure for neonates (3, 4) . The culture of MAP from milk presents many difficulties because of the low growth rate of MAP compared with that of other microorganisms present in milk, the fastidious nature of MAP, and the low numbers of MAP (Ͻ2 to 8 CFU/50 ml to 10 to 560 CFU/ml) naturally present in milk from infected cows (1, 5) . The basic protocol for the isolation of MAP from milk includes centrifugation to concentrate bacterial cells, chemical decontamination (often using hexadecylpyridinium chloride [HPC] ) to decrease contaminating microorganisms, and culture in either liquid or solid medium optimized for the recovery of MAP. Protocols for the isolation of MAP from milk vary significantly, and a comprehensive study to identify the most efficacious method for the isolation of MAP from the complex milk matrix is necessary (1, (6) (7) (8) (9) (10) (11) . Media most commonly used for the culture of MAP from milk include Bactec 12B, para-JEM, and Herrold's egg yolk (HEY) (10, (12) (13) (14) . These media vary greatly in composition, including the presence of growth supplements and antibiotics, as well as growth detection methods, and therefore vary in their ability to support MAP growth (15, 16) .
In the present study, triplicate samples of milk obtained from a known Johne's disease-free cow were spiked with MAP (clinical isolate 167; National Animal Disease Center, Ames, IA) to final concentrations of 10 2 , 10 4 , 10 6 , and 10 8 CFU/ml. For each experiment, a positive control consisting of 10 6 CFU of MAP/ml in phosphate-buffered saline (PBS), a negative control consisting of milk with no bacteria, and a no-treatment control consisting of 10 6 CFU of MAP/ml of milk were included. Within each protocol, the samples (20 ml) were centrifuged at 1,865 ϫ g for 30 min at 4°C to partition the milk unless otherwise specified. The whey layer was discarded, and the cream and pellet layers were retained for the experimental procedure. Effects of temperature (room temperature [RT], 22 to 25°C, and 39°C), centrifugation speed (1,865, 3,500, and 5,600 ϫ g), concentration of HPC (Sigma Chemical Co., St. Louis, MO) decontaminant (0.75, 1.00, 1.25, and 1.50%), time of decontamination (5, 24, and 48 h), and antibiotics (100 g/ml vancomycin, 50 g/ml amphotericin B, and 100 g/ml nalidixic acid; Sigma) on the recovery of viable MAP from milk were investigated. Two liquid culture media, Bactec 12B and para-JEM, and one solid medium, HEY, were compared for the ability to recover MAP from spiked milk samples. The Bactec 12B medium (Becton, Dickinson, Franklin, NJ) was supplemented with 0.5 ml of sterile unmodified raw egg yolk (inhouse), 0.2 ml PANTA Plus (BD), and 0.1 ml of 50 g/ml mycobactin J and then inoculated with 200 l of decontaminated milk sample and placed in a 37°C incubator for 84 days. The para-JEM medium (Thermo Fisher Scientific [TREK Diagnostic Systems, Inc.], Cleveland, OH) was supplemented according to the manufacturer's instructions, inoculated with 500 l of decontaminated milk sample, and placed into the ESP Culture System II machine for up to 65 days. All bottles were subjected to MAP growth confirmation procedures of Ziehl-Neelsen acid fast stain for MAP colonies and PCR of the IS900 gene target as previously described (17) . HEY medium (BD) was inoculated with 100 l of decontaminated milk sample and incubated at 39°C for 12 weeks, and colonies were counted. Statistical analysis was performed with the GLIMMIX procedure of the Statistical Analysis System (SAS Institute, Cary, NC), and a Tukey-Kramer post hoc test was performed if results were significant (P Ͻ 0.05).
The three media tested, Bactec 12B, para-JEM, and HEY, differed considerably in the recovery of MAP from decontaminated milk samples. Results demonstrated that HEY medium was inferior to the liquid media in recovery of MAP from milk, with limits of detection estimated to be 10 4 CFU/ml (data not shown). These findings were comparable to a previous study using HPC decontamination prior to culture on HEY medium (6) . Therefore, no further analyses with HEY medium were conducted. Bactec 12B medium consistently recovered MAP at lower concentrations and earlier in incubation (P Ͻ 0.01) than did the para-JEM medium (Fig. 1) , even though the volume of inoculum added to bottles was 2.5-fold greater for para-JEM than for Bactec 12B. Over all experiments, Bactec 12B medium failed to recover only 3% of the milk samples spiked with 10 2 CFU/ml of MAP, whereas para-JEM medium failed to recover 71% of samples at this concentration.
The temperature of decontamination with HPC did not have a significant effect on MAP recovery (P ϭ 0.63, data not shown), regardless of culture medium. However, increasing the temperature from RT to 39°C during decontamination of milk samples increased the contamination rates (15.6 to 31.1%) in Bactec 12B and (33.3 to 42.2%) para-JEM media. Additionally, increasing centrifugation force from 1,865 to 5,600 ϫ g did not enhance the recovery of MAP from milk samples (P ϭ 0.45, data not shown). Increasing concentration of HPC from 0.75 to 1.50% and time of exposure to HPC from 5 to 48 h resulted in significant reductions (P Ͻ 0.05) in the recovery of viable MAP, as seen for samples spiked with 10 2 CFU/ml of MAP and incubated in Bactec 12B medium (Fig. 2) . Therefore, the recommended protocol for chemical decontamination of milk to maximize the recovery of MAP in culture was determined to be 0.75% HPC for 5 h at RT.
Overnight incubation of the milk samples with the antibiotic cocktail VAN (consisting of 100 g/ml vancomycin [V], 50 g/ml amphotericin B [A], and 100 g/ml nalidixic acid [N]), following decontamination with 0.75% HPC, resulted in detrimental effects on the recovery of viable MAP (Fig. 3) . There was an increase (P Ͻ 0.01) in the time to recovery after secondary treatment with VAN compared with HPC alone, regardless of liquid medium used or concentration of the MAP inoculum. Treatment with VAN doubled the time to recovery from 33 to 70 days for milk samples spiked with 10 2 CFU/ml of MAP and incubated in Bactec 12B medium. Exposure to any singular antibiotic (V, A, or N) caused a consistent decrease (P Ͻ 0.05) in viability in both culture media as well (data not shown).
The three culture media demonstrated different abilities to recover viable MAP from milk. HEY medium proved to be far inferior to the liquid media, with a sensitivity of detection estimated at 10 4 CFU/ml of MAP. Bactec 12B medium consistently detected inoculation concentrations of 10 2 CFU/ml, had faster detection times, and had fewer incidences of machine-indicated false-positive and -negative samples compared to para-JEM medium. Differences in medium formulation, such as the source of egg yolk and composition of supplemental antibiotics, could have affected the recovery of viable MAP. The manufacturer of Bactec 12B medium recommends the use of PANTA PLUS, which consists of polymyxin B, amphotericin B, nalidixic acid, trimethoprim, and azlocillin. The para-JEM medium contains the same antibiotics as the VAN cocktail used in our decontamination protocol. Vancomycin is known to be detrimental to the viability of MAP as demonstrated by a 28-to 49-day increase in the time to detection when vancomycin (86 g/ml) was added to the Bactec 12B medium (18) . The para-JEM medium also contains a reagent called para-JEM BLUE which has been shown to retard the growth of MAP by increasing times to detection by up to 1 week (19) . The lethality of VAN on the viability of MAP may be compounded, because treatment followed exposure to HPC (6, 20) . HPC can damage the MAP bacterium and may cause MAP to become more vulnerable to the antibiotics to which they are normally resistant. Further studies should investigate whether different antibiotics would have similar effects on MAP or whether decreasing the concentration of each antibiotic in the cocktail would decrease the detrimental effects observed for VAN on MAP in this study.
The optimization of a culture method allows the accurate as- 2 CFU/ml after decontamination with 0.75, 1.00, 1.25, and 1.50% hexadecylpyridinium chloride (HPC) for 5, 24, and 48 h in Bactec 12B medium. Data are expressed as means Ϯ SEM. Significant differences between times of decontamination within an HPC concentration are represented by asterisks (* and **, P Ͻ 0.05).
FIG 3
Effects on the time to recovery of Mycobacterium avium subsp. paratuberculosis in milk cultured in Bactec 12B and para-JEM media after treatment with the antibiotic cocktail (VAN) consisting of 100 g/ml vancomycin (V), 50 g/ml amphotericin B (A), and 100 g/ml nalidixic acid (N) compared with treatment alone with hexadecylpyridinium chloride (HPC). Data are expressed as means Ϯ SEM. Significant differences between HPC alone or HPC plus VAN within each medium are represented by asterisks (**, P Ͻ 0.01; *, P Ͻ 0.05).
sessment of shedding of MAP into milk of naturally infected cattle, providing critical information to producers about the risk of transmitting MAP to calves via consumption of milk from infected cows.
